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is equal to unity for all pairs of points in the case of rectilinear propagation of light in a homogeneous medium. We may say that the product of the cross section dsf cos a' into the solid angle dd of a pencil is invariant at all points of its course in the same medium.
109. Case of a perfect refractor. It now remains to show how this ratio is altered at a reflecting or refracting surface.
Let dti be any element of the refractive surface, tu, ji/ the indices of refraction, <JP, cpf the angles of incidence and refraction, ^ the azimuthal angle measured about the normal.
Then the solid angles rfco, do*1 of a small pencil before incidence and refraction may be taken to be
d& = sin cp dcpdifj,     dca* = sin <pfdq)rdi!>T.
But                                                ,   .
[i sin cp = (ji sin <p ,
. ' •    [L COS Cpdcp = [Ji' COS Cp1 dtp',
. *.  i*? cos cpdadti = p'2 cos <prd®d6 so that the ratio of the differentials
cos cpdcodc and when dQ = dQ' we must have
By   extending   this   result   to   any   number   of  reflections   and refractions, we see that the ratio
p/2 cos sf dco' dsr ft,2 cos sdcods
at any two points  traversed  by the  rays  is equal to  unity,  or the
product of the cross section
into  the  solid  angle  of a
pencil  at any point is in-
versely proportional to the
square   of   the    refractive
index (Fig. 16).
It should be noticed that Hdmholte's formula for the magnification of an optical combination is con-                             MS. ie.
tained in this result.
110. Entropy  of directed  radiation.    From the last  article  it follows that if radiation  of intensity I is  emitted  in a medium of
index p, the quantity -^ is an invariant in the sense that it represents
